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Abstract. Wearables are a ubiquitous trend in both commercial and academic
settings as they easily enable tracking and monitoring of physiological
parameters such as heart rate (HR) and heart rate variability (HRV). This paper
presents a literature review to survey the existing Neuro-Information-Systems
(NeuroIS) literature on HR and HRV with a focus on measurement based on
wearable devices. We addressed the following four research questions: Who
published HR and HRV research? What kind of HR and HRV research has been
published? With which wearable devices was HR and HRV measured? How
reliable and valid are HR and HRV measurements based on wearable devices?
Our review provides answers to these questions and concludes that further
efforts are needed to advance the field from both a theoretical and
methodological perspective.
Keywords: Heart Rate (HR), Heart Rate Variability (HRV), Wearables,
Accuracy, NeuroIS
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Introduction

Digitalization, understood as the integration of technological innovations in all areas
of daily life, has an impact at the societal, political, economic, organizational, and
individual levels [1]. One specific trend based on digitalization is the use of wearable
devices [2–5], also referred to as wearable technologies or wearables [6]. Today it is
easy for end users to track and monitor physiological parameters such as heart rate in
real time using such devices. Wearables can be described as advanced sensor and
computing technologies [7] that are incorporated into different accessories including
clothing, fashion accessories (e.g., watch, wristband), or other everyday items worn
by consumers [8, 9] (for further examples of wearables devices, please see [6]). They
continuously capture, collect and transmit physiological data, providing simple
opportunities to improve the quality of life [10]. Indeed, the market research firm
Gartner [11] reported recently that interest in health monitoring is growing.
Specifically, consumer spending on smartwatches increased by 17.6% compared to
2019 and reached $21.8 billion in 2020. Gartner forecasts further growth in spending
due to new processor technologies and improvements in solid-state batteries to
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increase battery life and shortened charging time, estimating spending of $31.4 billion
in 2022. Besides the technical improvements, wearables also offer a wide range of
applications. For example, they are equipped with many sensors such as
accelerometers and gyroscopes [12] and can thereby even measure the vital signs of
patients and specific health conditions (e.g., body and skin temperature, arterial blood
pressure, heart rate, respiration rate) [13]. Consequently, wearables are becoming
increasingly popular and experts predict that a growing percentage of the world's
population will own at least one device [14].
However, there are several limitations that come along with the use of wearable
devices. For example, Dunn et al. [15] argue that the accuracy of wearables must be
established with large clinical and field trials. An inaccuracy of the measurement may
lead individuals to under- or overestimate their level of physical activity or
physiological activation, limiting effectiveness for lifestyle interventions. According
to Piwek et al. [16], permanent lifestyle monitoring with inaccurate measurements via
wearables could therefore cause confusion and anxiety. Interestingly, prior to
purchase, consumers are typically informed in the footnote of product pages that the
measurements are not intended for medical or related use. As an example, a note on
the blood oxygen app measurements of the Apple Watch Series 6 indicates that it is
“not intended for medical use, including self-diagnosis or consultation with a doctor,
and are only designed for general fitness and wellness purposes” [17]. Especially for
important indicators of an individual’s physiological state, such as heart rate (HR) or
heart rate variability (HRV), it is crucial to have accurate values. Thus, a fundamental
question arises: How reliable and valid are HR and HRV measurements based on
wearable devices?
Against the background of the importance of the consumer-centric view in digital
health [18], we reviewed the scientific literature on HR and HRV. Specifically, we
focused on the Neuro-Information-Systems (NeuroIS) literature. NeuroIS is a subfield
within the Information Systems (IS) discipline that uses neuroscience and
neurophysiological tools to develop knowledge related to the impact of information
and communication technologies (ICT) [19, 20]. This interdisciplinary research
discipline contributes to the explanation of users’ cognitive and affective processes
that explain why and how certain effects occur in the use of ICT [21] (for a
description of the genesis of NeuroIS, please see Riedl and Léger [22], pp. 73–74).
According to Rouast et al. [23], especially HR as a measure, along with the related
HRV measure, contributes to a deeper understanding of cognitive and affective
processes in IS. This perspective is confirmed by seminal NeuroIS research agenda
contributions (e.g., [24]). Hence, a review of the extant literature, along with a critical
evaluation of the field, is crucial for the future development of this viable research
field. Thus, the aim of this literature review is to provide a comprehensive overview
of existing research using wearable devices to measure HR and HRV. Based on a
systematic analysis of the NeuroIS literature published in peer-reviewed academic
journals and conference proceedings, we address, in addition to the most fundamental
question of reliability and validity, three further questions. The four research
questions (RQs) addressed in this paper are:

• RQ1: Who published HR and HRV research? This analysis is particularly
valuable in a highly interdisciplinary field, as it can identify reviewers and
potential collaborators with relevant experience in HR and HRV research.
• RQ2: What kind of HR and HRV research has been published? This analysis
provides insights for the future development of HR and HRV research.
• RQ3: With which wearable devices was HR and HRV measured? This analysis
reveals methodological approaches and well-established devices in HR and HRV
research.
• RQ4: How reliable and valid are HR and HRV measurements based on
wearable devices? This analysis reveals the reliability and validity of
measurements based on wearable devices used in HR and HRV contributions in the
NeuroIS field.
The remainder of this paper is structured as follows: The following Section 2 outlines
fundamentals of HR and its measurement. The knowledge presented in this section is
abstracted and synthesizes major findings with the goal to provide a brief overview
for the mainstream IS researcher (who is typically unfamiliar with the physiological
basis of HR and HRV). Section 3 describes the research methodology of this literature
review. Results are presented in Section 4. Finally, in Section 5, we make concluding
remarks and address our implications for future IS research based on HR and HRV.
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Heart Rate Fundamentals and Measurement

The heart supplies blood to the organs and tissues in the body: with each heartbeat,
the heart muscle contracts and pumps oxygenated blood into the large vessels of the
circulatory system – also referred to as cardiovascular system [25]. The heart pumps
around 7,500 liters of blood per day and beats around 50-90 times per minute (resting
state, exceptions exist) [26], which results in roughly 100,000 heartbeats per day [27].
The heart muscle is electrically activated by the heart's conduction system [28]. The
electrical impulse for the heartbeat originates in the sinoatrial node, a structure
located in the area of the junction of the right atrium and superior vena cava [28, 29].
The sinoatrial node consists of a collection of specialized muscle fibers
(i.e., myocytes) with electrophysiological properties that are capable of spontaneously
generating electrical impulses responsible for heart contraction [28, 30] (for more
details about the conduction system and the cardiac development, please see [31]).
HR, like other bodily functions such as digestion, respiratory rate, pupillary
response, urination, and sexual arousal, is regulated automatically and largely
unconsciously by the autonomic nervous system (ANS) [32]. In general, ANS is a
group of nerves and nerve cells which are responsible, among others, for the
innervation of the blood vessels, the respiratory tract, the heart, the intestines and the
urogenital organs [33]. It consists of the sympathetic division (which activates the
body), the parasympathetic division (which relaxes the body) and the enteric nervous
system (which governs the function of the gastrointestinal tract). From an IS
perspective, both the sympathetic nervous system (SNS) and parasympathetic nervous
system (PNS) are critical, while the enteric part is less relevant [22, 34]. SNS is

activated in response to stress [32] and is responsible for “fight-or-flight” responses
[22, 34, 35]. In contrast, PNS is responsible for energy building, food digestion, and
assimilation, and serves to restore homeostasis, thereby contributing to relaxation and
recovering [36]. Hence, it is the underlying structure of a “rest-and-digest” response
[22, 34]. Importantly, HR is modulated on a beat-to-beat basis by the combined
effects of the SNS and PNS nervous systems on the sinoatrial node [37].
SNS and PNS act in a finely tuned but opposing manner in the heart, as SNS has an
activating effect (i.e., raises heartbeat) and PNS has an inhibiting effect (i.e., lowers
heartbeat) [22, 34, 38, 39]. They enable the body to maintain stability in the face of
constantly changing external conditions [40]. When we experience an emotion like
stress, we breathe faster and heavier, muscles tension increases, palms get sweaty, HR
increases, and blood pressure raises [40] (for further typical physiological responses
of the SNS and PNS, please see Riedl and Léger [22, p. 42]). Therefore, among other
physiological responses, HR can be used as an indicator of physiological state to
measure autonomic nervous system activity [41, 42] and provides an objective
measure of a person's ability to adapt to environmental demands [43]. Generally, HR
corresponds to 60,000 divided by the time in milliseconds (ms) between adjacent
heartbeats [44]. As an example, if the time between two consecutive heartbeats is 1
second (= 1,000 ms), HR is 60,000 / 1,000 = 60 beats per minute. HR can be affected
by emotional stimuli. For example, stimuli with high valence (e.g., joy or happiness)
can cause an increase in HR [45], whereas frightening stimuli can cause an increase or
decrease in HR, depending on context and the specific content of a stimulus [45, 46].
Sheng and Joginapelly [42] indicate that HR tends to slow when a user is exposed to
emotional stimuli, while the rate of slowing is usually higher with negative stimuli
than with positive stimuli.
The analysis of changes in HR over time provides information about autonomic
functioning – also referred to as heart rate variability, hereafter HRV [37, 44]. HRV is
the measurement of the oscillation of the intervals between successive heartbeats [42],
which is referred to as sinus RR intervals over time, hereafter RR interval [47]. To
determine the instantaneous HR (i.e., NN interval), the RR intervals have to be
adjusted for ectopic heartbeats caused by depolarizations of the sinoatrial node (e.g.,
heartbeat is too fast or too slow) [48]. This determination may be more variable and
complex in healthy individuals compared with patients with congestive heart failure
[49]. Referring to Stein and Pu [37], abnormal, usually decreased HRV is generally
found in clinical conditions associated with autonomic dysfunction (e.g., congestive
heart failure, diabetes, end-stage renal disease). HRV can also explain a substantial
amount of individual variability in self-control over food intake, as individuals with
higher HRV are better able to regulate cravings in the face of taste temptations [50].
However, stress-related disorders (e.g., triggered by enhanced negative emotions or
dysregulation of physiological functions), including depression and anxiety, can affect
the heart and its measurements. As an example, Yates [51] has shown that specific
disorders (e.g., cardiovascular, neurological) come along with an increased HR and a
decreased HRV. In this context, Patron et al. [41] found that poor emotion regulation
(among others, a core symptom of depression) is associated with altered ANS
function in terms of decreased HRV. Such a finding has many implications, and also

important ones for IS research. As an example, it is important to understand computer
users’ mental workload during task execution to subsequently improve interface
design of complex systems and the efficiency of human-computer interaction [52].
Mark et al. [53] used HR, among other indicators, to capture multidimensional
biomarkers of workload in brain and body measurements. Against the background of
the presented study results, which are meant to illustrate important knowledge on HR
and HRV, it is critical that reliable and valid measurements are made with
measurement devices, as even simple movements during measurement can
significantly affect HR [54, 55]. In this context, Piwek et al. [16] tellingly write that
without evidence of their accuracy, wearables “will drift into obscurity” (p. 6). In this
paper, we shed light on critical measurement aspects in the HR and HRV domains,
thereby contributing to the urgently need methodological discussions in the IS
discipline in general and specifically in the NeuroIS field (e.g., [56, 57]).

3

Review Methodology

To identify HR and HRV contributions, we conducted a literature search and
considered peer-reviewed journals and conference publications. The review process
was based on existing recommendations for conducting literature searches [58–60].
This literature review comprises publications from January 2011 to 2021 (note that
we included one online first contribution published in 2021 which appeared in the
NeuroIS Retreat Proceedings; please see Hermes and Riedl [61]).
The starting point for our review was a recently published review by Riedl et al.
[57], which investigated the development of the NeuroIS research field during the
period 2008-2017, yielding 16 contributions on the measurement of HR. Thus, the
keywords used for the present literature review were mainly derived from this original
publication, as it provides both a broad introduction to the NeuroIS research field and
its development. For our literature search, we used generic terms that represent the
field (Nervous System, Neuro-Information-Systems, NeuroIS, Neuroscience) and
terms representing the various methods of measuring HR and HRV highlighted in the
publications (Chest Strap, Electrocardiogram, ECG, Heart, HR, HRV,
Photoplethysmography, PPG). Our aim here was to verify the review by Riedl et al.
[57] as well as to identify new contributions published since 2017. Outlets selected
for our literature search process included all journals included in the Senior Scholars’
Basket of the Association for Information Systems (AIS), as well as further academic
journals and AIS conferences1. Outlets were mainly drawn from the business
informatics (Wirtschaftsinformatik: WI) section of the third JOURQUAL (journal
quality) ranking of the German Academic Association for Business Research, which
also encompasses all outlets included in the Senior Scholars’ Basket of the AIS and
AIS conferences2. To increase the emphasis on specific NeuroIS contributions, we
also searched for publications in the existing NeuroIS Retreat conference proceedings.

1
2

https://aisnet.org (Accessed on August 9, 2021)
https://vhbonline.org (Accessed on August 9, 2021)

In total, the literature base of our review comprises 38 articles, including 17 peerreviewed journal papers and 21 peer-reviewed conference proceedings papers.
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Review Results

In this section, we present the main findings of our literature review, guided by our
four RQs. An overview of the content of each subsection related to our RQs and their
corresponding metrics is provided in Table 1.
Table 1. Overview of Research Questions and Metrics

Research Question
Who published HR and HRV
research?

Metrics
•
•

Author names
Number of authors of each paper

•

Contribution: empirical study
completed, empirical study researchin-progress, methodological paper,
conceptual paper, review
Type of measurement method
Devices used for measurement

What kind of HR and HRV research
has been published?
With which wearable devices was
HR and HRV measured?
How reliable and valid are HR and
HRV measurements based on
wearable devices?

4.1

•
•
•

Evidence of reliability and validity of
the used devices

Who published HR and HRV research?

Based on the analysis of N = 38 HR and HRV publications, we identified 120
different authors. The average number of authors per publication is 3.9 and the
maximum number of authors is 12. Specifically, we found the following results: out
of the 38 contributions, 11 publications had 3 authors, 10 publications had 4 authors,
7 publications had 5 authors, 6 publications had 2 authors, 2 publications had 6
authors, and one publication had 7 and 12 authors. Another finding of our analysis is
that out of the 120 different authors, 3 researchers (i.e., Marc T. P. Adam, Christof
Weinhardt and René Riedl) authored at least 5 publications and together 42% of all
publications. Indeed, 2 researchers (i.e., Adam and Weinhardt) authored 5
publications together. Furthermore, 14 researchers (∼12%) published at least 2 papers
and were involved in 30% of all publications (see Figure 1).
Figure 1 shows the concentration of HR and HRV publications across authors. The
x-axis shows the cumulative percentage of authors, while the y-axis shows the
cumulative percentage of contributions. Based on our dataset, we calculated the Gini
coefficient (GC), a popular measure of inequality. GC is 0.19. A GC of 0 expresses
perfect equality, where all authors would have contributed an equal number of
publications to the HR and HRV literature. A GC of 1 expresses maximal inequality.
It follows that there is not much inequality.
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Figure 1. Concentration of HR and HRV Publications across Authors

4.2

What kind of HR and HRV research has been published?

This subsection classifies all 38 HR and HRV publications in terms of their
contribution. For this purpose, we used 5 categories that have been successfully
applied in recent similar publications (e.g., [57], [62]). A brief description of the
categories follows before Table 2 lists all 38 HR and HRV publications with their
corresponding reference.
• Empirical Study Completed: The focus of these publications is on the empirical
testing of the relationship between at least two variables, including information
about the study design, measurement method and analysis procedures, and the
results of the study.
• Empirical Study Research-in-Progress: These publications resemble completed
empirical studies in that they typically present preliminary results or their study
design without collecting or fully analyzing data.
• Methodological Paper: These publications describe new or existing tools as well
as methodological approaches relevant to HR and HRV research (e.g., a noncontact PPG algorithm approach to measure HR [23]).
• Conceptual Paper: These publications discuss potential topics for HR and HRV
research such as a real-time health-monitoring service by combining wearable
devices and recommendation systems [63].

• Review: These publications focus on the analysis of previous research, based on a
review of the literature. For example, Lux et al. [21] conducted a literature review
on studies that examine self and foreign live biofeedback based on
neurophysiological data for healthy subjects in an information systems context.
Table 2. Types of Contributions of HR and HRV Publications

Contribution Type
Empirical Study Completed
Empirical Study Research-in-Progress
Methodological Paper
Conceptual Paper
Review
4.3

Reference(s)
[42, 44, 54, 64–83]
[61, 84–92]
[23, 93]
[63]
[21, 94]

Sum
23
10
2
1
2

With which wearable devices was HR and HRV measured?

Based on the analysis of N = 38 HR and HRV publications, we identified 5 different
methodological approaches to perform heart-related measurements. A brief
description of the methodological approaches follows before Table 3 lists all
measurement types with the corresponding references. Publications that do not
mention a (referenced) measurement type, such as reviews, are also included.
• Electrocardiogram (ECG): ECG application usually involves placing a cathode
electrode under the right clavicle, a ground electrode under the left clavicle, and an
anode electrode on the left side of the abdomen. ECG sensors are a direct
measurement of cardiac activity as they detect the electrical activity generated by a
heartbeat in the chest area. ECG measurement is accurate at the ms level [22].
• Chest Strap: The chest strap is another option for ECG-based heartbeat
measurement [95]. The electrical activity generated by a heartbeat is sent
wirelessly from the sensor in the chest strap to a suitable receiver (e.g., wristwatch
or other comparable receivers).
• Photoplethysmography (PPG): PPG sensors use light-based technology to
measure blood flow rate driven by the heart's pumping action (i.e., optical
approach for measuring blood volume pulse). They usually measure blood
properties at remote locations such as the wrist or finger. Therefore, highfrequency components of the signal are attenuated due to the long distance that
blood must travel through the body before it is measured at the remote body sites.
Thus, pulse wave velocity and the vascular path from the heart to the PPG sensor
location, among other factors, can affect PPG-based measurement [62].
• Non-Contact Pulse Rate Assessment Software: The research by Lux et al. [89]
aimed to investigate the effect of live group biofeedback on user behavior using
participants' HR. The open-source software Eulerian Video Magnification (EVM)
by Wu et al. [96] is used for cardiac measurement. EVM can visualize hidden
information, such as a person's blood flow, by the algorithm performing spatial
decomposition and subsequent temporal filtering of the respective video sequence.
Among other things, this software can be applied to a video sequence in real-time.

• Non-Contact PPG Algorithm Approach: The algorithm proposed by Rouast et
al. [23] leverages the slight variations in skin color that occur periodically with the
user's pulse. This methodological approach would enable mobile HR
measurements without interfering with the users' natural environment.
Table 3. Types of HR and HRV Measurement in Reviewed Publications

Measurement Type
Electrocardiogram
Chest Strap
Photoplethysmography
Non-Contact Pulse Rate Assessment Software
Non-Contact PPG Algorithm Approach
No (referenced) Measurement Type

Reference(s)
[44, 66, 68–70, 73, 74,
76–78, 80–82, 85, 88,
92]
[54, 61, 64, 72, 75, 79,
86, 87, 93]
[42, 65, 67, 71, 83]
[89]
[23]
[21, 63, 84, 90, 91, 94]

Sum
16
9
5
1
1
6

To get a sense of the various devices which have been used in HR and HRV research,
Table 4 shows details regarding the chest strap and PPG-based measurements. Apart
from the publications in which no (referenced) measurement type was mentioned,
these two measurement methods were used (completed studies) or are intended to be
used (research-in-progress) in 46% of the studies. Specifically, we found the
following results: Out of the 30 papers that performed heart-related measurements, 16
publications used an ECG (53%), 9 publications used a chest strap (30%), and 5
publications used a PPG sensor (16%). Another finding of our analysis is that out of
the 9 publications that used a chest strap, the Polar H7 Heart Rate Sensor was used in
most cases (see Table 4).
Table 4. Devices in HR and HRV Measurement in Reviewed Publications

Type

Chest Strap

PPG

Device
Dry electrode chest strap
Garmin ANT+ Heart Rate Monitor
Polar H7 Heart Rate Sensor
Polar RS800
Zephyr™ BioHarness 3
iHealth Feel Blood Pressure Monitor (BP5)
LightStone Biofeedback Finger Sensors
Microsoft Band
Scosche RHYTHM+™
UFI BioLog™ (six-channel)

Reference(s)
[79]
[54]
[61, 64, 86, 87, 93]
[72]
[75]
[83]
[42]
[65]
[71]
[67]

4.4

How reliable and valid are HR and HRV measurements based on
wearable devices?

This subsection examines the PPG-based measurement devices as identified in the HR
and HRV publications from the reliability and validity perspectives. To this end, we
conducted another literature search to identify validation studies on the measurement
properties of a specific device (search protocol available upon request). Afterwards,
Table 5 summarizes our results, which are described in detail below.
In general, PPG-based measurements are particularly susceptible to motion
artifacts [54, 55], regardless of whether the device is a consumer device or a research
device [97] (for examples of wearable devices for consumers, clinics, and research,
please see Dunn et al. [15, p. 431]). Among others, the accuracy of such devices may
depend on measurement site [55], applied pressure to the skin [98], ambient light
[99], or various technological aspects of the light-based technology [100], including
the use of red or green light, or the adopted PPG conditioning and processing [101],
as well as the analysis of the reflected or transmitted light itself [102].
Of the 5 PPG-based measurement devices identified, only 1 device can be
recommended based on current knowledge. Specifically, iHealth Feel Blood Pressure
Monitor (BP5) has been successfully clinically evaluated for self/home measurement
in adults [103] and for blood pressure measurement during pregnancy [104].
Regarding the LightStone biofeedback finger sensor, we did not find any relevant
studies. In general, with this device, the user wears a sensor that measures HRV and
skin conductance and navigates through a series of adventures on a video game-like
interface. The aim is to achieve higher HRV through meditation skills and to gain
better control over unconscious bodily processes. Users are encouraged to breathe
deeply, and the games are stopped once users have developed a steady breathing
cycle, resulting in increased HRV [105]. However, we could not find supporting
evidence for reliability and/or validity and thus based on current knowledge we do
neither recommend this wearable as consumer, nor as clinical or research device.
Regarding the three remaining devices (i.e., Microsoft Band, Scosche
RHYTHM+™, UFI BioLog™), we cannot make a recommendation for use in IS
research. Tophøj et al. [106] evaluated the reliability and validity of the Microsoft
Band and concluded that it does not accurately count steps during lower speed
walking. For this reason, it is especially unsuitable for patient groups who walk more
slowly during rehabilitation; moreover, it is not appropriate for indoor walking counts
either. As to Scosche RHYTHM+™, Parak and Korhonen [107] evaluated accuracy
using values from a reference ECG signal. Reliability values for HR estimation
compared to the reference were approximately 77% (used accuracy level <5%).
Navalta et al. [108] came to a similar conclusion. They determined HR in trail
running by evaluating chest strap values (i.e., Polar H7 with various wearable
technology devices). Reliability was approximately 79% (used accuracy level <5%).
Concerning the UFI BioLog™ we found research by Carpenter et al. [109] who
evaluated monitors for vasomotor symptom assessment. They concluded that current
versions of these monitors may not be suitable for outpatient clinical trials.
Specifically, they pointed to the lack of consistency between self-reported physical

activity and device-based measures of physical activity, such as HR measurement.
Thus, due to lack of measurement accuracy, based on current knowledge we do not
recommend these wearable devices, and this recommendation is independent from
application context (consumer, clinical, or research).
Table 5. Devices in HR and HRV Measurement in Reviewed Publications and Use
Recommendations based on Validation Studies for Consumer, Clinical, or Research Purposes

Device
iHealth Feel Blood Pressure Monitor (BP5)
LightStone Biofeedback Finger Sensors
Microsoft Band
Scosche RHYTHM+™
UFI BioLog™ (six-channel)

5

Recommendation
Recommended
Questionable
Not recommended
Not recommended
Not recommended

Reference(s)
[103, 104]
[105]
[106]
[107, 108]
[109]

Implications and Concluding Remarks

Manufacturers of wearable devices must be concerned about reliability and validity.
Increasingly, such devices are used in the workplace to capture biomarkers of
workload in brain and body measurements [53]. In the NeuroIS researchers’ toolbox,
wearable devices are of increasing relevance. First, wearables have a low degree of
intrusiveness (i.e., the extent to which a measurement instrument interferes with an
ongoing task) [56]. The degree of intrusiveness is low because they provide a high
degree of movement freedom during (experimental) task execution, a high degree of
natural position (can be used in sitting or walking situations), and a low degree of
invasiveness (neither devices must be inserted into the body, nor must electrodes be
attached to the body or scalp). Therefore, wearables can be used in an ideal way for
human-computer interaction studies in both laboratory and field environments [56].
Regarding information retrieval [110], interested IS researchers may note that other
methodological aspects of wearable devices and HR and HRV measurement are
discussed in more detail in other publications such as biomedical engineering (e.g.,
IEEE Transactions on Biomedical Engineering, Physiological Measurement,
Sensors), health information management (e.g., International Journal of Medical
Informatics), or health informatics publications (e.g., JAMIA).
However, important indicators of an individual’s physiological state, such as HR or
HRV, could provide an index of ANS activity [41, 42] to objectively measure a
person's ability to respond to environmental demands [43]. Indeed, Taelman et al. [39]
indicate that stress triggers physiological processes in the human body. Thereby,
stress-related disorders, for example triggered by enhanced negative emotions or
dysregulation of physiological functions, lead to an increase in HR and a decrease in
HRV [51]. An altered ANS functions (e.g., reduced HRV) constitutes a physiological
correlate of depression [41]. In fact, stressors can activate specific cognitive and
affective processes and underlying brain mechanisms [111]. The response towards
stressors “may also result in the activation of biological stress mechanisms that span
a number of physiological systems” [28, p. 21]. For example, work interruptions can

lead to decreased psychological responsiveness to stress [112]. Apart from
consequences on task performance (e.g., [113–116]), such interruptions can also lead
to various negative psychological or performance-related outcomes (e.g., [117–119]).
For this reason, wearables devices could be a potential early warning system to detect
stress in the workplace in real time. More generally, designing stress-free workplaces
in a digital world needs to be of high priority in economy and society because recent
research shows that without appropriate measures, user stress can be significant (e.g.,
[120]). Especially because stress not only negatively affects the performance of
companies, but also threatens the health of employees (e.g., [34]), this research
domain holds great relevance in the future. However, an important precondition for
use of such wearable devices in the workplace context, as well as in scientific
research, is demonstration of reliability and validity of corresponding measurements.
Table 6 outlines our review results. We conclude that further efforts are needed to
advance the use of wearables in both in the work settings and in scientific research.
Table 6. Overview of Implications for Research
Research Question
Who published HR
and HRV research?

What kind of HR
and HRV research
has been published?

With which
wearable devices
was HR and HRV
measured?
How reliable and
valid are HR and
HRV measurements
based on wearable
devices?

6

Implications
Research on HR and HRV is still relatively scarce. Our results show
that there is a relatively small group of active authors (see Figure 1).
The small absolute number of highly engaged researchers can be
seen critical, yet a high level of inequality is not observed.
The field of HR and HRV research is still in a relatively nascent
stage. As evidence for this conclusion, we identified only two
methodological and one conceptual contribution (see Table 2). Our
results indicate that that in the analysis period 2011-2021, there was
no year in which more than seven papers were published.
Our review indicates that HR and HRV are predominantly
investigated with ECG. However, there are already contributions in
which measurements are made with a chest strap or with PPG
sensors (see Table 3 and Table 4). We suspect that technological
advances will create even more opportunities for researchers in this
research field and expect a rising number of additional publications
in the coming years based on wearable devices.
Wearable devices can measure HR and HRV in a reliable and valid
way. Based on the little current evidence in most cases both
reliability and validity of measurements are doubtful (see Table 5).
For wearables to be used in both commercial and academic settings,
further theoretical and methodological contributions are needed.
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